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ABSTRACT

The class of the models with periodically distributed frustration

is solved exactly. The obtained thennodynamic properties of the

models are similar to those observed in spin glasses and support

the hypothe ale of existence of the spin-glass phase In two dimensional,

random Ia.Ing systems.
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The models'with periodically distributed impurities aeem to give

a very promising approach to the solution of the still puzzled matter

about the existence of a spin glass phase in two dimensional laing,

random systems. The moat important question, one would like to

ansver for periodic modelB, is: how the frustration and frustration

induced disorder influence the thenaodynamic of the system?

la It possible to obtain the spin glass phase in aome periodic

lattices ?

Dp to now, there exist a few exactly solved models which give

a partial anaver for such questions. These are the Villain's add

model £ij and the antiferromagnetic triangular Ising model,

solved by Wannier [2] , Both of them are the 2-dimensianal fully

frustrated Iaing models and none of them shows a phaae transition.

Then, there are models proposed by Au-Yangt Fisher and Ferdinand £3j,

by Andre,Bidaux, Carton, Conte, de Seze £4j and by longa and Oles£57

( see alao P^kalaki £&J J. None of these shows a spin-glass phase

transition. Only a ferro- or an antiferromagnetic phase transitions

are observed. However, the influence of frustration manifests itself

in some effects, namely: the critical temperature is lower than that

for the pur* ferromagnet and the specific heat singularities,

although being of the same type as for the pure model have much

smaller amplitudes. Furthermore, the ground state Is highly degenerated,

which is reflected by nonvanishing entropy at T - 0,

The aim of this letter is to complement those results by

constructing the class of models with periodically distributed

impurities, which, as will appear iater; nave some similar

thermodynamic properties as the real spin glasses, namely:

(1J the absence of a sharp magnetic phaae transition and (2) the

short-range magnetic order at a very low temperatures - in the presence

of frustration.
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Let us consider Islng, square lattices (Figs. 1a,1b)with

nearest neighbours interactions through exhange forces equal to

either J (solid lines) or J1 (dashed linesV J"1 will be called the

defect bound. J Is assumed to be positive. The ratio J^/J of coupling

constants ia denoted by x.

For the first class of the lat t ices, the elementary cell

ia a rectangle of dimension (2k+i)*21, and the defect bounds are

distributed around the aides (?ig. 1a). For the second class of the

lattices the elementary cell is the same in shape, but of dimension

equal to m*2. The defects are distributed only on two opposite ,

vertical sidea (fig. 1b) . For(k,l)and m not too large I t i s possible

to find the all thermodynamic properties of the models by the use

of the well known dimer method [7]. â an example of numerical

calculations w« show in Figure 3 the dependence of cri t ical

temperature on the ratio x: for the models with k = 1 = 2,3. All the

rest of the calculations at nonzero temperatures which will follow, were

performed for k = 1 = 2,3,^ and for m = k.

When i ^ x ^ - 1 we observe a sharp ferromagnetic phase transition

at Tc^>0, which manifests i tself in the logarithmic singularity

of the specific heat. It means that the crit ical index oC *0

is the same as for the pure, square, Ising model. The crit ical

temperature Tc is lower than the one for the pure system.

For x—1 (the case with the presence of frustration) there i3

no magnetic phaae transition at T > 0. The specific heat becomes

an analytic function of T. Por the specific heatjonly a broad peak

at a certain, nonzero temperature can be observed. Such behaviour

of the specific heat indicates that there ia no long-range magnetic

order in the system. To understand these results, let us divide

the systems illustrated in ?Us. i(a),(b) onto disconnected seta

of spins separated by vertical strips composed entirely oi frustrated

cells. The width of a single set ia equal to either 2k (Fig.1a)

or n-i(Pig. 1b) . Because the hamiltonian ia invariant under the reverse

of all the spins in an arbitrary set, the spin-spin correlation

function for the spins belonging to the different sets is equal to

zero, i.e. such spins are uncorrelated. The magnetic correlations

can occur only within a given set in the regions where frustration

ia absent, so that the correlated spins lie inbetueen the thin lines

indicated in Figs. i(a),(b). For T»0 all the spins belonging to such

regions are ordered up or down. The above conclusions remain valid

for all th« models parametrized by k,l and m .

Becaus* at the fact, that the similar thermodynamic properties are

characteristic for the real spin glasses, the presented models

suggest that:

fi\ certain apin glass states can exist in regular, periodically

frustrated lattices ;

(2) the spin-glass phase may exist in two- dimensional, random,

Ising model.
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FIGURE CAPTIONS

Pe.rt of the l a t t i c e for the models with k=l=2 (a) and with

m=3 (b) . Th« eleoentary c e l l o are indicated by ia t - i aahed l i n e s in

each case. Full bonds correspond to the exchange forces f ^ a l to J

and broken bonda oorreopcmd to the. exchange forces equal to J. .

Fm*tr«.tEi oo l l s ( for ths oaae, whan T, =. -̂ J ) ar« shadded*

Thin li-naa a011 f ine the regions in which -jpiiia at a vary low temperaturee

cor re la ted in the praBouce ol" f ru s t r a t i on .

C r i t i c a l tenperature versus tiie r a t i o of oaupliriu." const: t:j

1 » J / j for tho modelswtioh <?orxeepo»«i to ? ig . l ( a ) f

LL



CUKKEHT

IC/T9/X63

IC/79/165

IC/79/166

IC/79/168

«. The S-V*T« state*.

S . MARCULESCU and L . MEZIKCESCU: P h a s e f a c t o r s and p o i n t - a p l i t t l t t g i n
super symnetry •

A. FASOLIHO, 0. SAKTOHO and E. TOSATTI: Instabi l i ty , distortion and
dynamics of the W(lOO) surface.

T.D. PALEBV: The trace formulae for realisation*of Lie algebras with
A-operator9. Analysis of the Foek representations.

kBVJ

T
2.5

1.5

-o.a

a

IC/80/1 W. KROLIKOWSKI! Tovarda a dynamical preon model.

- 1

Fig 2

ic/80/5
IHT.BEP.*

IC/80/6
IHT.RKP.*

IC/80/7
IBT.REP.*

IC/80/8

ic/eo/9

IC/60/10

io/ao/n

TC/80/12
I8T.REP.*

IC/80/13

IC/60/lU

BIAZUDDIN: Two-body S-neson decay* in non-relativistic ciuarjc model-

G. ALBEBI, M. HLESZYHSKt, T. JAROSZEWICZ and 8. 8AHT0S: Deuteron D-wave
aod th« non-oikonal affect* In tenaor »sy™ietries in elast ic proton-
dauteron acattarlng.

A.M. KURBATOV aa4J>.P. 8AHIC0VICK: On the on* varlational principle in
quantus s ta t i s t i ca l

C. STKATA8: On the alpha decay branching ratios of nuclei around A • 110.

B.Y. AYOUB* Bff«ct of hi^i lying «tate« on the ground add few lev lying
excited 0* energy level* of a cow closed-shell nuclei.

L. TOSM, I . MAHKOtf-BORSr»IK and M. HOBISA: Th« decay of coherent rotational
•tat«s subject to random quantuB •easurementa.

G.C. OHIRARDI, V. 00BI|I and 0. PARRAVICI»I: Spatial localieation of
quantu» state* and physical meaning of the Mrix el»«ent» of the resolvent
operator,''

H.V. MIHAILOV1C and H.A. IAGARAJAJ: A proposal for oalculatiuf tb*
inportance of exchange effects in rearrangement co l l i s ions .

A. BUtGAC, T. CAB8T0IU and 0. DUKITRE8CU: Double folded Tukam lstarMtioa
potential hetwaen tvo heavy loss .

W. KROLIKOWSKI: I«pbon and quark fsa i l iea as quantu»-dyna)sical systenj.

- 7 -

• Internal Bepcrtsi Limited distribution
THESE PREPRIOT3 ARE AVAILABLE FHOM THB FUBLICATI0H3

I-341OO TRIESTE, I T 1 L I .

- 1 -

, ICTP, P.O. BOX 596.



IC/80/16

IC/80/17
1ST.REP.•

TC/80/18
INT.HEP.*

IC/80/19

IC/80/20
1ST.REP.•

AHMED OSMAJf: Four-body problem for four"bound alpha pa r t i c l e s ia "*" 0.

NAMIK K. PAK: Introduction to Instajitona in Yang-Mills theory (Part I ) .

RIAZUDDIH: Neutral current weak interact ion without electro-weak
unif icat ion.

U.S. CRAIGIK, S.HARISOK and RIAZUDDIN: An apparent inconsistency
between the Dyson and renor»alizatlon group equations in QCD.

U.I . 7URMAS and G. STRATAH: On alpha decay of some laomerlc s ta tes in
Po-Bi region.

IC/80/37

ic/eoAo
IUT.REP.*

IC/80/U1
IHT.RKP.*

A.S. AHTOE0V, V.A. HIKQUUEV and I.Hi. PETKOV: Hudson ttaaentum and

density d is t r ibut ions of nuclei .

¥. KROLIKOWSKr.- An in tegra l transform of th* Salpeter equation.

Z.A. KHAH: Elaatie scattering of intermediate energy protons on He
and

IC/80/23 P. ROZKEJ, J . DUDEK and W. NAZAHEWICZ: Possible interplay between non-
axial and hejadecapole degrees of freedom - An explanation for
"enormously" large O t̂

IC/SO/21* REVISED.'

IC/80/25 G. HAIELLA: Path-integral meaaure and the JTeraion-Bose eg.uiiralence In
INT.KEF.* the Schvinger model.

IC/80/26 U.S. CRAIOIB, 3. HAHISOI and RIAZUDDIB-. A critical analyais of the
electromagnetic mass shift problem In QCD.

IC/80/27 D.K. CHATUBVEDI, U. MAHINI BETT0L0 MABCOSI and M.P. TOSI: Mode-coupling
IHT.REP.* theory of charge fluctuation apeetrua in a binary ionic liquid.

IC/80/23 ABDUS SALAM: Gauge unification of fundamental forces (Nobel lecture).

IC/80M

IC/8O/U5
IHT.REP.*

IC/80/H6
IlfT.KEP."

A. OSMAH: Two-nucleon tranmfer reaction* with for» factor models.

E,¥. MIKLKE: Toward* exact solutions of the non-linear Helsenberg-Pauli-
Veyl spinor equation.

1.3. CRAIGIE: Catastrophe theory and disorders of t h i r f u l l y systea.

IC/80/30 R. HOJAKOV, E. HADJAKOV and V. ANT0N0VA: High spin structure in a.
coupled bands model.

IC/80/31 AHMED OSMAN: Rearrangement collisions between four identical particles
as a four-body problem.
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